Quaternary structure, Mg2+ interactions, and some kinetic properties of the beta-galactosidase from Thermoanaerobacterium thermosulfurigenes EM1.
The beta-galactosidase from Thermoanaerobacterium thermosulfurigenes EM1 was found to be a dimer with a monomer molecular weight of about 85,000. It lacks the alpha-peptide and an important alpha-helix that are both needed for dimer-dimer interaction and there is no homology in other important dimer-dimer interaction areas. These differences in structure probably account for the dimeric (rather than tetrameric) structure. Only 0.19 Mg2+ bound per monomer and Mg2+ had only small effects on the activity and heat stability. The absence of residues equivalent to Glu-416 and His-418 (two of the three ligands to Mg2+ in the beta-galactosidase from Escherichia coli) probably accounts for the low level of Mg2+ binding and the consequent lack of response to Mg2+. Both Na+ and K+ also had no effect on the activity. The enzyme activity with o-nitrophenyl-beta-D-galactopyanoside (ONPG) was very similar to that with p-nitrophenyl-beta-D-beta-D-galactopyranoside (PNPG) and the ONPG pH profile was very similar to the PNPG pH profile. These differences are in contrast to the E.coli beta-galactosidase, which dramatically discriminates between these two substrates. The lack of discrimination by the T. thermosulfurigenes beta-galactosidase could be due to the absence of the sequence equivalent to residues 910-1023 of the E. coli beta-galactosidase. Trp-999 is probably of the most importance. Trp-999 of the E. coli beta-galactosidase is important for aglycone binding and ONPG and PNPG differ only in their aglycones. The suggestion that the aglycone site of the T. thermosulfurigenes beta-galactosidase is different was strengthened by competitive inhibition studies. Compared to E. coli beta-galactosidase, D-galactonolactone was a very good inhibitor of the T. thermosulfurigenes enzyme, while L-ribose inhibited poorly. These are transition-state analogs and the results indicate that T. thermosulfurigenes beta-galactosidase binds the transition state differently than does E. coli beta-galactosidase. Methanol and glucose were good acceptors of galactose, and allolactose was formed when glucose was the acceptor. Allolactose could not, however, be detected by TLC when lactose was the substrate. The differences noted may be due to the thermophilic nature of T. thermosulfurigenes.